Corresponding author : P Brysiewicz (brysiewiczp@ukzn.ac.za) Background. Traumatic brain injury (TBI) affects large numbers of patients, both adults and children, and significant resources are needed to manage it. Objective. To determine the burden of TBI and the adequacy of available resources to manage in the Pietermaritzburg Metropolitan Trauma Service (PMTS). Methods. All patients with a TBI were identified from the hybrid electronic medical registry at Grey's and Edendale hospitals in Pietermaritzburg (PMB), KwaZulu-Natal, South Africa. Patients were classified according to severity of head injury and age. We defined mild TBI as Glasgow coma scale (GCS) 13 -15, moderate as GCS 9 -12, and severe as GCS ≤8, in accordance with international standards. We divided the cohort according to ages 0 -5 years, 6 -10 years, >10 -17 years and adults (>17 years). Results. From January 2012 to December 2014, 3 301 patients were treated for TBI in PMB. The mean age was 27.4 (standard deviation 14.4) years. There were 2 632 males and 564 females. There were 2 540 mild, 326 moderate, and 329 severe TBI admissions during the period under review. A total of 139 (4.2%) patients died. A total of 242 (7.3%) patients were admitted to the intensive care unit (ICU), of whom 137 (57.0%) had a GCS of ≤9. Only 27.0% of patients with a GCS of ≤9 were admitted to the ICU. Conclusion. There is a significant burden of TBI managed by the PMTS. Critical care resources available to manage patients with TBI are inadequate.
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Trauma is a leading cause of death in children and young adults in South Africa (SA), where the rate of mortality from motor vehicle collisions and interpersonal violence is respectively five and four times the global average. [1, 2] In sub-Saharan Africa the incidence of traumatic brain injury (TBI) is 150 -170/100 000 compared with a global average of 106/100 000. [1] [2] [3] [4] [5] [6] [7] The vast majority of patients are admitted with mild TBI (Glasgow coma scale (GCS) 13 -15); these injuries are usually self-limiting and do not require significant resources. However, there is consensus that severe TBI, as defined by a GCS ≤8, should be managed according to well-defined protocols that include mechanical ventilation, intracranial pressure (ICP) monitoring to facilitate pharmacological and/or surgical control, and aggressive imaging to identify patients who require a neurosurgical operation. [7] [8] [9] [10] [11] Over the past 25 years several institutions have produced algorithms and guidelines to provide direction to clinicians managing TBI. In 1996, the Brain Trauma Foundation (BTF) published the first of such guidelines on the management of severe TBI, which were accepted by the American Association of Neurological Surgeons and the World Health Organization Committee in Neurotraumatology. [7] Four years later, at the beginning of the millennium, a revised edition was published; these guidelines have been updated at regular intervals, i.e. in 2003 and 2007 . Over the same period, a burgeoning body of literature has emerged, which supports the enforcement of guideline-based management protocols for severe TBI. This literature has emphasised that in severe TBI, maintaining intracerebral homeostasis by regulating physiological parameters, such as blood pressure, oxygenation, arterial carbon dioxide, and cerebral perfusion pressure, prevents secondary brain injury and improves outcomes. In lowand middle-income countries there is a general lack of resources to manage these problems. [7] [8] [9] [10] [11] In Africa there is an average of one neurosurgeon per 10 000 000 population, in contrast to the situation in the developed world, where there are 102 neurosurgeons per 10 000 000 population in Europe and 56 per 10 000 000 population globally. [12] [13] [14] The development of an electronic surgical registry at our institution has allowed us to capture data in real-time of all surgical patients, to provide a detailed overview of the burden of TBI in our service, and to provide an accurate needs assessment of the resources necessary to manage severe TBI according to international standards. [15] 
Setting
The Pietermaritzburg Metropolitan Trauma Service (PMTS) provides tertiary trauma care for 3 million people in Pietermaritzburg (PMB) and western KwaZulu-Natal, SA. Two sites -Grey's Hospital and Edendale Hospital -yearly admit ~2 500 -3 000 trauma patients. There are 12 intensive care unit (ICU) beds and 6 highcare beds for adults, and 12 paediatric ICU beds, which are shared with medicine and other surgical specialties. There is no specialist neurosurgical service in the state sector in PMB. All patients with RESEARCH TBI are managed by the emergency department and surgical teams. Once the patient has been resuscitated and imaging scans have been obtained, these are discussed with staff at the neurosurgical service in Durban. During the neurosurgical consultation a decision is made with regard to the definitive management plan for the patient. Patients accepted by the neurosurgical service are either transported by road or airlifted to Durban, as appropriate. The PMTS maintains a prospective digital trauma registry, which captures data at our institutions. The admitting doctor clerks the patient onto an electronic pro-forma. This is the clerking process for all new trauma admissions -the clinical data are therefore entered in real-time. As the data are entered, these are directly incorporated into the registry. The completed pro forma is then printed out and becomes the patient's clinical record. At operation and at discharge or death a similar process is followed. This system combines the functions of a medical registry and medical record system. It also combines an electronic system with a paper-based system -the hybrid electronic medical registry.
Methods
All patients with a TBI were identified from the hybrid electronic medical registry at Grey's and Edendale hospitals in PMB from January 2012 to December 2014. Standard demographic data were analysed. Patients were classified according to severity of head injury and age. We defined a severe TBI as GCS ≤8, moderate as GCS 9 -12 and mild as GCS 13 -15, in line with international standards. We divided the cohort according to ages 0 -5 years, 6 -10 years, >10 -17 years and adults (>17 years). We reviewed the patients who were admitted to the ICU and then used the BTF guidelines [7] for the management of severe TBI to establish how many patients who met the criteria for admission to an ICU were not admitted. This difference is a so-called gap analysis. Data were processed and analysed using Stata version 13.0 (StataCorp., USA). [16] Differences in frequencies of categorical outcomes by GCS category were assessed using Pearson's χ 2 test or Fisher's exact test if any expected cell count was ˂5 observations. Differences in mean GCS of classification or outcome (e.g. mortality) were assessed using Student's t-test.
Ethics approval to maintain the registry has been obtained from the Biomedical Research Ethics Committee (ref. no. BCA221/13 BREC) of the University of KwaZulu-Natal, Durban, SA, and from the Research Unit of the Department of Health.
Results
During January 2012 -December 2014, a total of 3 301 patients were treated for TBI in PMB; the data had various levels of completeness across the variables. The mean age of the patients was 27.4 (standard deviation (SD) 14.4) (range 0 -92) years. There were 2 632 males and 564 females, with a male to female ratio of 4.7:1. The breakdown by ethnicity ( Fig. 1) was overwhelmingly black African (96%), followed by Asian (2%), white (1%) and mixed race (1%) patients. The mechanism of TBI ( Fig. 2) was primarily interpersonal violence (39.4%), followed by motor vehicle collision (16.7%), and pedestrian-vehicle collision (14.1%). The breakdown of the admission GCS is provided in Table 1 and Fig. 3 . There were 2 540 mild, 326 moderate, and 329 severe TBI cases during the period reviewed. A total of 139 (4.2%) patients died, and 242 (7.3%) were admitted to the ICU. ICU admission by GCS category varied significantly (Table 1) . Only 33.4% (110/329) of patients with a GCS ≤8 were admitted to the ICU. The mean GCS (SD) among those who survived was 13.7 (2.6) compared with 5.7 (4.0) among those who died (p<0.001). Fig. 4 highlights the difference in the distribution of GCS score by mortality outcome. Thirty-three percent (110/329) of patients with an admission GCS ≤8 died, whereas only 4.0% (13/326) and 0.6% (16/2 540) of those with an admission GCS of 9 -12 and ≥13, respectively, died (p<0.001). A total of 69 (2.5%) patients had a saturation reading of <90 on presentation. Fig. 5 shows the incidence of hypoxia compared with the GCS. Of these patients with hypoxia, 22 (31.0%) were admitted to the ICU. Of the patients who were not hypoxic, 5.6% were admitted to the ICU. Fig. 6 shows the rate of ICU admission compared with the GCS. A total of 2 383 computed tomography (CT) scans were performed; 1 789 (75%) demonstrated intracranial pathology.
Patients considered for palliation on initial assessment owing to the presence of clinical signs indicative of irreversible injury, such as Cushing's reflex or fixed and dilated pupils, represented 19.1% of severe TBI admissions (63/329); of these, 79.4% (50/63) died during their admission. These patients did not undergo a CT scan. Of the survivors, 11/13 were discharged to their base hospital for palliation and were not expected to improve or leave hospital. There was a positive finding in 95% of patients (252/266) with severe TBI who underwent CT. Of these, 22.2% (56/252) were accepted by the neurosurgical unit at the tertiary hospital in Durban. Fig. 7 compares the need for surgery against GCS on presentation. The majority (77.8%; 196/252) were managed in the general surgical ward. In total, 59.7% (117/196) of patients who had a positive CT scan and who were not accepted into the neurosurgical unit were not admitted to the ICU, and were treated in the general ward. A total of 15.2% (12/79) of severe TBI patients admitted to the ICU died, compared with 38.5% (55/117) of those treated in the ward, while 38.5% (62/117) managed in the ward survived.
Discussion
The abovementioned data are in keeping with numerous SA reports on trauma, which demonstrate a huge burden of trauma and injury due to interpersonal violence. There can be little doubt that trauma 
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and injury represent a public health crisis of equal magnitude to infectious diseases and emerging diseases of lifestyle in sub-Saharan Africa. This burden is disproportionately borne by young adults and is further distinguished from the situation in other regions, as just under half (47%) of the patients with TBI in this audit sustained an intentional injury. [1] [2] [3] [4] [5] [6] [12] [13] [14] This is in stark contrast to international data, which suggest that ~80% of all TBI is a result of non-intentional trauma, i.e. motor vehicle collisions (60%), falls (10%), and workplace or leisure-related injuries (10%). A comprehensive public health response to this problem is required, emphasising primary preventive strategies and increased resources for secondary prevention.
Most of the published guidelines suggest that all patients with severe TBI require CT scans and should be managed in an institution, which can undertake both craniotomy and ICP monitoring. [7] [8] [9] [10] [11] This target is clearly not being met in our system. The majority (77.8%) of severe TBI patients with positive CT scans were managed in the general surgical unit. Of the patients with severe TBI and positive CT scans, who were not accepted by the neurosurgical unit, the majority (59.7%) were not admitted to the ICU, but were treated in the general ward. The mortality is higher in patients managed in the general ward (38.5%) compared with those managed in the ICU (15.2%). This almost certainly reflects a crude form of triage, where patients deemed to have an extremely poor prognosis are not admitted to the ICU but rather to the general ward -in the expectation that they will have a poor outcome. The danger with this approach is that it risks becoming a self-fulfilling prediction. However, it is also highly probable that the 62 patients with a severe TBI who survived after being managed in a general surgical unit would have benefited from more sophisticated neuroprotective strategies available in the ICU.
This audit has revealed a significant burden of TBI, particularly of severe TBI. The PMTS manages ~2 patients with a severe head injury every week. Resources available to manage these patients are inadequate, as evidenced by only 41.3% of patients with a severe TBI being managed in the ICU. Globally, access to acute specialist neurosurgical services is limited. This is especially true in our environment, and the care of TBI remains largely in the hands of generalists. These generalists may need to be up-skilled in a number 
of tasks and procedures, such as placement of ICP monitors and basic neurosurgical operations. However, there is also a major deficit in the resources available to treat severe TBI patients in our setting, and to improve outcomes will be difficult without an increase in the available resources. Injury-prevention programmes are needed to reduce the incidence of TBI, but increased resources need to be made available to limit the sequelae of TBI.
Conclusion
PMTS manages a significant burden of TBI. The resources available to manage the problem are inadequate. To address this deficit requires major infrastructural development and increased access to ICU beds, as well as the development of on-site neurosurgical services and ICP monitoring facilities.
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